We study relevant cosmological topics in the framework of a certain vector-tensor theory of gravitation (hereafter VT). This theory is first compared with the so-called extended electromagnetism (EE). These theories have a notable resemblance and both explain the existence of a cosmological constant. It is shown that, in EE, a positive dark energy density requires a Lagrangian leading to quantum ghosts, whereas VT is free from these ghosts. On account of this fact, the remainder of the paper is devoted to study cosmology in the framework of VT. Initial conditions, at high redshift, are used to solve the evolution equations of all the VT scalar modes. In particular, a certain scalar mode characteristic of VT -which does not appear in general relativity (GR)-is chosen in such a way that it evolves separately. In other words, the scalar modes of the standard model based on GR do not affect the evolution of the VT characteristic mode; however, this scalar mode influences the evolution of the standard GR ones. Some well known suitable codes (CMBFAST and COSMOMC) have been modified to include our VT initial conditions and evolution equations, which are fully general. One of the resulting codes -based on standard statistical methods-has been used to fit VT predictions and observational evidences about both Ia supernovae and cosmic microwave background anisotropy. Seven free parameters are used in this fit. Six of them are often used in GR cosmology and the seventh one is characteristic of VT. From the statistical analysis it follows that VT seems to be advantageous against GR in order to explain cosmological observational evidences.
I. INTRODUCTION
Extended electromagnetism (EE) was proposed in paper [1] . The basic fields of this theory are the metric g µν and the electromagnetic field A µ . The fundamental symmetry is A µ → A µ + ∇ µ Φ, with ∇ µ ∇ µ Φ = 0; which is different from the standard U(1) gauge symmetry.
Some cosmological applications of EE were discussed in various papers [2] [3] [4] . In Dale & Sáez [4] , the variational formulation of EE was revisited, and the cosmological linear perturbations were studied by using the well known Bardeen formalism [5, 6] .
There is a vector-tensor (VT) theory of gravitation, studied in [7] , which has a notable resemblance with EE. The post-Newtonian parametrized limit of VT is identical to that of general relativity (GR). Moreover, this theory was proved to be viable in [8] (see below for more details). Here, the theories EE and VT are compared to conclude that, although they
give the same results in cosmology, there are some problems with EE quantification. On account of these facts, our cosmological results are presented in the framework of VT.
The initial conditions for the evolution of scalar perturbations are taken in the radiation dominated era, at redshift z ∼ 10 8 , when the perturbations of cosmological interest are outside the effective horizon (see paper [9] for details). By using these initial conditions, the linear equations satisfied by the scalar perturbations are numerically solved, and the cosmic microwave background (CMB) anisotropy is estimated. Since all the scalar perturbations are evolved from the radiation dominated era, it may be seen how metric perturbations gradually deviate from the GR ones. Deviations arises at some redshift to be numerically estimated, without a priori assumptions about its possible value.
There are well tested codes which are ready to do some calculations (evolution of scalar perturbations, CMB analysis, and so on) for standard cosmological models based on GR; e.g.,
CMBFAST [10] and CAMB [11] . These codes may be modified to work in the framework of VT (or EE). In spite of the fact that CMBFAST is not currently maintained, its last version is good enough for us and, moreover, its equations are essentially written by using the Bardeen formalism in the version of [9] , which is the same formalism used to study VT along this paper. By this reason, we may easily modify CMBFAST to describe cosmological evolution in VT. The necessary modifications -based on references [5] , [9] , and [4] -are lengthy but straightforward. The code COSMOMC [12] has been also modified for statistical analysis in VT; namely, to fit theoretical predictions and observations by using a set of parameters (see next sections for details).
Our signature is (-,+,+,+). Greek (Latin) indices run from 0 to 3 (1 to 3). The symbol ∇ (∂) stands for a covariant (partial) derivative. The antisymmetric tensor F µν is defined by the relation F µν = ∇ µ A ν − ∇ ν A µ , where A µ is the vector field of the theory under consideration (EE or VT). Quantities R µν , R, and g are the covariant components of the Ricci tensor, the scalar curvature and the determinant of the matrix g µν formed by the covariant components of the metric, respectively. The gravitational constant is denoted G.
Units are chosen in such a way that the speed of light is c = 1. The scale factor is a. In flat universes, the present value of a is arbitrary. We take a=1. The coordinate and conformal times are t and τ , respectively. Whatever quantity D may be, D B stands for its background value andḊ is its derivative with respect to the conformal time.
This paper is structured as follows. In Sec. II, some general aspects of VT and EE and the cosmological background equations of both theories are presented and compared. In Sec.
III, the evolution equations of all the VT cosmological scalar modes and the initial conditions necessary to their numerical integration are found. Numerical results are obtained with our modified versions of CMBFAST and COSMOMC. These results are analyzed in Sec. IV and, finally, Sec. V is a general discussion about methodology and conclusions.
II. BASIC EQUATIONS OF EE AND VT. BACKGROUND UNIVERSE
The basic equations of EE may be derived from the action [4] :
where γ is a dimensionless arbitrary parameter, J µ is the electrical current, ρ is the conserved energy density of an isentropic perfect fluid, and ǫ is its internal energy density [see papers [4] and [13] for details].
From action (1), we have found two coupled field equations. The first equation is a generalization of the GR equation describing gravity. This equation may be written in the following form:
where G µν is the Einstein tensor, T µν GR is the energy momentum tensor of a fluid as it appears in GR, and the energy momentum tensor of the electromagnetic field -in EE theory-is T µν EE . The second equation is a generalization of Maxwell equation in curved space-time. This equation reads as follows:
where
µ -plays the role of a new fictitious current.
From this last equation one easily finds the relation
and, consequently, the total current J µ + J A µ is conserved. The energy momentum tensors T µν GR and T µν EE involved in Eqs. (2) are
The part of this last energy momentum tensor depending on γ appears in EE but not in Einstein-Maxwell (E-M) theory. The two first terms of this tensor also appear in E-M.
In vector-tensor theories of gravitation, there are also two fields, the metric g µν , and a four-vector A µ which has nothing to do with the electromagnetic field. Various of these theories have been developed (see [14] , [15] and references cited there). They are based on the general action [14] :
where ω, η, ε, and γ are arbitrary parameters. The tensor F µν -defined above-is not the electromagnetic one. In action (7), it is implicitly assumed that there are no couplings of A µ with matter fields and electrical currents.
We are interest in the theory VT, which may be derived from the action (7) for ω = 0, and η = γ (see [7] ). With these parameters, the Lagrangian of Eq. (7) is easily proved to be equivalent to that involved in the following action (the difference is a total divergence):
A complete discussion about ghosts and unstable modes in VT was presented in section 3.1.3 of reference [8] , where it was proved that there are no problems with this theory for 2ε − γ > 0. This condition is hereafter assumed.
Let us now compare actions (1) and (8) . Action (8) does not contain the term J µ A µ involved in Eq. (1), and the coefficient of F µν F µν is arbitrary in action (8) whereas it takes on the value −1/4 in Eq. (1). These differences are consistent with the fact that EE is a theory of electromagnetism whereas VT is a theory of gravitation, in which, A µ and F µν have nothing to do with electromagnetism.
The fundamental equations of VT are easily obtained from the action (8) . They have the following form:
with
From Eq. (10) one easily gets the relation
which may be seen as the conservation law of the fictitious current J A µ defined above. Let us finally answer the following question: Why the last terms of Eqs. (6) and (11) have the same form but opposite signs?. The answer to this question may be found in a previous paper [4] , where we presented an exhaustive variational formulation of EE based on the action (1). Some important aspects of this variational formulation are pointed out here, with the essential aim of answering the above question. Our variational method is described in [13] (see section 3.3), where it is used to study the evolution of an isentropic fluid satisfying a certain conservation law. The same method may be easily generalized to deal with action (1), in which the vector field A µ , the fluid four-velocity U µ , and the metric g µν , must be successively varied.
The field A µ is first varied -for arbitrary g µν and U µ -to get Eqs. (3) and the conservation law (4), which may be rewritten as follows:
In a second step, only the four-velocity is varied, whereas the field A µ is any arbitrary solution of Eqs. (3)- (4) for arbitrary metric. Then, the charge density ρ q is adjusted to keep
. Thus, the following equation is obtained
This equation was already derived in [4] . See also [13] for similar calculations in GR.
Finally, only the metric is varied, whereas the vector A µ is fixed as in the second step, and vector V µ satisfies Eq. (13) whatever g µν may be; hence, since density ρ q has been appropriately adjusted (see above), the conservation law
along the flow lines for arbitrary g µν . Hence, √ −g(J µ + J Aµ ) is unchanged when the metric is varied (see [13] ); namely, we can write
where ∆ g stands for a metric variation.
Equation (14) implies that the term J µ A µ -involved in action (1)-is equivalent to −J Aµ A µ under the ∆ g variations necessary to get the energy-momentum tensor. Taking into account this fact, plus the identity
, and the definition of the fictitious current J Aµ , it is easily proved that the Lagrangian densities
2 are fully equivalent under g µν variations (their difference is a total divergence); therefore, the energy-momentum tensors of EE and VT may be calculated from the Lagrangian densities −γ(∇ µ A µ ) 2 and γ(∇ µ A µ ) 2 , respectively. Hence, the signs appearing in the last terms of Eqs. (6) and (11) must be opposite. This fact will play an important role later in this paper. It is a consequence of the conservation law (4).
Let us now consider a flat uncharged homogeneous and isotropic background universe with matter and radiation in both EE and VT. In this flat background, the metric has the Robertson-Walker form. Moreover, the following relations are satisfied: A i = 0 and F µν = 0 [4] .
In EE, Eqs. (2), (5), and (6) lead to
where ρ B and P B are the background energy density and pressure of the cosmological fluid (baryons, dark matter, massless neutrinos and radiation), and quantities ρ A B and P A B are associated to the part of the energy-momentum tensor (6) depending on γ. From this part, the following relation is easily obtained:
Hence, constant γ must be negative to have a positive energy density.
In VT, Eqs. (15) and (16) hold, but ρ A B and P A B must be defined by using the energymomentum tensor (11) ; from which, one easily gets:
Therefore, constant γ must be positive to have ρ A B > 0. We have shown that simple applications to cosmology fix the sign of γ in both EE and VT. This sign is irrelevant in cosmology, but it is important in quantum field theory. On account of Eq. (1), a negative sign of the coefficient γ would lead to quantum ghosts. Hence, we hereafter develop our cosmological estimations in the framework of VT (with positive γ). In this theory, apart from the positive constant γ, whose value is unknown. There is a second constant ε in Eq. (8) , which must satisfy the condition ε > γ 2 , but the exact value of ε keeps unknown.
Let us now study other background equations in VT. From Eq. (10) one easily gets: 
where the value of S gn is either +1 or −1. The S gn value fixes the arbitrary sign of Ξ B .
In addition to ρ v , we have the arbitrary parameters γ and S gn . The integration of the new background equationȦ
requires the initial value of A 0B , which is taken at the initial redshift z in = 10 8 (as it is done for any variable). At this high redshift, during the radiation dominated era, there are power law functions of τ satisfying the background field equations. In fact, it is easily verified that the following functions a = ατ ζ and A 0B = βτ δ satisfy the above background field equations -in the radiation dominated era-for ζ = 1, δ = 3. Then, at z in , one finds:
Since CMBFAST rightly calculates the initial value ofȧ/a, the value of A 0B at z in is not a free parameter. It is given in terms of ρ v , S gn and γ by Eqs. (20) and (22).
After proving that Ξ B and A 0B are both proportional to S gn γ −1/2 [see Eqs. (20) - (22)], the background equations of VT might be easily solved for γ = 1, S gn = +1, and for appropriate amounts of baryons, dark matter, and photons -similar calculations were done by Dale & Sáez [4] in EE-nevertheless, massless neutrinos would require a more complicated treatment.
These neutrinos are taken into account in CMBFAST and also in our modification of this code, in which we include the VT parameters γ and S gn , the VT background equation (21) and, the new initial condition for A 0B [see Eq. (22)]. Any other aspect of the CMBFAST background evolution is not altered at all.
III. COSMOLOGICAL SCALAR MODES AND INITIAL CONDITIONS
There are no tensor modes associated to the vector field A µ and, consequently, the evolution of tensor cosmological perturbations (primordial gravitational waves) is identical in GR and VT.
The vector modes involved in GR decrease as a result of expansion [16] ; hence, they are expected to be negligible at redshifts close to recombination and decoupling. Since significant vector modes might produce interesting effects [16, 17] at these low redshifts, it is interesting the study of vector-tensor theories, which include the vector modes of GR plus an additional one associated to the vector field A µ . The field equations -of the vector-tensor theory-would couple all these modes which could evolve in an appropriate way justifying the existence of non negligible vector modes at redshifts close to 1000. The study of vector modes in VT and also in other vector-tensor theories of gravitation is in progress.
Since the effects of vector and tensor modes on the CMB are expected to be small, this section is devoted to the study of scalar perturbations in the framework of VT.
The code CMBFAST solves the evolution equations of the scalar modes in GR cosmologies. In the flat case, these equations are written in terms of a certain set of scalar modes, whose initial values -at redshift z = 10 8 -are appropriately obtained [9] . Calculations are performed in the synchronous gauge. In order to modify CMBFAST in the simplest way -for applications to VT-the gauge and the scalar modes used in this code must be maintained, and a new scalar mode associated to A µ must be added. New terms depending on the new mode modify the CMBFAST equations (standard cosmology), and a new equation for the evolution of the A µ mode must be also added. Finally, the initial values of all the coupled modes must be calculated at the chosen initial redshift.
For a standard flat cosmological background in GR, the formalism described in [5] involves the scalar perturbations associated to the metric, the four-velocity, and the energymomentum tensor of a cosmological fluid. These perturbations are expanded in terms of scalar harmonics as follows:
where function
functions of k (wavenumber) and τ . Any other quantity as, e.g., U 0 and T 0i , may be easily written in terms of these modes.
The synchronous gauge is fixed by the conditionsÃ =B (0) = 0. In this gauge, the modes used in CMBFAST are those defined in Ma & Bertschinger [9] . These modes are related to the Bardeen ones as follows:
T /3(ρ B +P B ). The same mode δ associated to the density contrast is used in paper [5] and also in reference [9] and, finally, π L is not directly used since it is related to δ by means of the equation of state, e.g., for adiabatic perturbations, the relation π L = (ρ B /P B )(dP B /dρ B )δ is satisfied.
In addition to the CMBFAST scalar modes, a new one is necessary due to the existence of A µ . It is easily verified that the mode Ξ (0) defined by the equation
is the most appropriate to write the A µ field equations in the simplest and most operating way. These equations reduces to [4] :
This second order differential equation does not involve the CMBFAST modes associated to the metric and the cosmological fluids. Apart from the mode Ξ (0) , it only involves background functions asȧ/a and the wavenumber.
Eq. (25) is equivalent to the following system of linear differential equationṡ
which have been included in CMBFAST to be solved by using the initial values of Ξ (0) and
In the chosen gauge, Eqs. (5), (9), and (11) lead to the following linearized equations for the evolution of the scalar modes h and η:
If the terms involving γ are canceled, the equations of standard GR cosmology labeled (21a)-(21d) in Ma & Bertschinger [9] are recovered. These terms -appearing only in VT cosmology-have been included in CMBFAST. Since A 0B and Ξ B are proportional to vanishes (see also [14] ). Hence, according to Eq. (9), the energy-momentum conservation law ∇ α T αβ GR = 0 is satisfied, as it occurs in the standard cosmological model based on GR. Therefore, the variables δ, θ, and σ corresponding to each particle distribution obey the same equations as in standard GR cosmology and, consequently, we can write (see Eqs. (92) in paper [9] ):δ
where the indices γ and ν make reference to photons and massless neutrinos, respectively.
The treatment of the interaction between photons and baryons (including reionization) is also identical to that described by Ma & Bertschinger [9] and implemented in CMBFAST. Finally, from Eqs. (28)-(31) and the background field equations, one easily finds the following differential equation:
Of course, this last equation is satisfied in the radiation dominated era, where initial conditions are obtained. It generalizes the first of Eqs. (92) in paper [9] . We have already found all the equations necessary to fix the initial conditions for integrations in VT cosmology. Therefore, let us now estimate the initial values of all the scalar modes at z = 10 8 . Our method to look for these values is similar to that described in Ma & Bertschinger [9] for the CMBFAST modes, but it has been extended to take into account the new functions Ξ (0) and ξ 0 . It is assumed that, in the radiation dominated era, any mode X may be expanded in the form
where the values taken by the integer numbers n and m must be fixed for each X. Let us now look for the initial conditions corresponding to the remaining variables to be evolved. Our method is analogous to that used in paper [9] . First of all, the terms proportional to k 2 are neglected in Eq. (32); thus -as in standard cosmology-the following relations are found θ ν = θ γ = 0 and δ ν = δ γ = −(2/3)h; hence
and
The second time derivative of Eq. (33) with respect to τ is calculated, and taking into account Eq. (37), the following relation is easily obtained:
Taking into account the relations
in , plus Eqs. (20), (22), and (36), quantityμ may be easily calculated and replaced into Eq. (39) to get
If the second order derivative of this equation -with respect to τ -is calculated, the following equation is found:
where h (6) and h to be solved has the form τ h (4) + 5h (3) = 0 (see paper [9] ).
By using the same arguments as in Ma & Bertschinger [9] for the powers τ −2 , τ 0 , τ , τ 2 , but taking into account the new dependence in τ 3 , and τ 4 , we write
Thus, the initial condition of GR cosmology is recovered for C 3 = C 4 = 0. For appropriate values of C 3 and C 4 , the second and third terms of the right hand side of Eq. (43) might account for small deviations with respect to GR cosmology, which could be compatible with observations. By using Eq. (43), it is easily seen that, whatever k and τ may be, Eq. (41) is identically satisfied for n = 4, 
A simple integration leads to
Only the first term of the right hand side of this last equation arises in standard cosmology.
The second term may be neglected -to lowest order in kτ -since it involves a very small factor of the form k .
The initial conditions to lowest order in kτ are summarized as follows:
where indices b and c stand for baryons and cold dark matter, respectively, and constant C 4 is given by Eq. (44). The term C 4 (kτ ) 4 is not neglected in the formula for h since quantity k 2 τ 2 is small, but constant C 4 may be greater than C 2 .
Let us now combine Eqs. (32) -without neglecting the terms involving quantity k 2 -to go beyond the lowest order in kτ . A lengthy but straightforward calculation leads to:
Quantities δ γ , δ ν , δ b , δ c , h, and θ c have the same form as in Eq. (47). It is due to the fact that the new terms arising beyond the lowest order approximation in kτ are negligible. In the case C 4 = 0, Eqs. (48) reduce to the equations (96) derived by [9] in the framework of the standard cosmological model. Differences are due to the terms involving the C 4 (equivalently matter, respectively, h is the reduced Hubble constant, τ is the reionization optical depth, n s is the spectral index of the power spectrum of scalar modes, and A s is the normalization constant of the same spectrum whose form is P (k) = A s k ns , finally, the parameter θ is defined by the relation θ × 10
is the angular diameter distance at decoupling redshift z * , and r s (z * ) is the sound horizon at the same redshift. The resulting values of the above six parameters corresponding to our best fit in GR are given in the first row of Table I . These values are compatible with those of Table 8 in [18] , which were obtained from the Wilkinson microwave anisotropy probe seven (WMAP7) years data.
For each parameter, the second (third) row of this Table defines the lower (upper) limit of an interval, which contains the true value of the chosen parameter, at 95 % confidence, in the marginalized case; namely, if the remaining five parameters are chosen to be those of the first row of Table I(best fit) .
We have used VT-CMBFAST to find the following CMB angular power spectra: (i) the
) coefficients measuring CMB temperature (E-polarization) correlations at angular scales α = π/ℓ with ℓ < 2100, and (ii) the parameters C ET ℓ giving the cross correlations between temperature and E-polarization for the same scales. The resulting C T T ℓ quantities corresponding to various cases are presented in Fig. 1 . In all these cases, the values of the six parameters used in our previous fit (first row of Table I ) have been fixed, whereas parameter D 1 has been varied. For D 1 = 0 (solid line) the angular power spectrum corresponds to our GR best fit (first row of Table I ).
As it follows from In order to understand some of the above results, it is worthwhile to show some outputs given by VT-CMBFAST. In Fig. 3 , these outputs are represented -in terms of the redshift z-for appropriate spatial scales. The chosen outputs are the following functions of z:
T 1 = aḧ +ȧḣ, T 2 =ḣ, and T 3 =η, which have been chosen by the following reasons:
(a) they are involved in the equations describing the evolution of the photon distribution function [see Eq. (63) in [9] ], which are used to calculate the CMB angular power spectra, and (b) they depend on time derivatives of the metric perturbations η and h, whose VT and GR values start to be different at some redshift which must be estimated (see I).
Functions T 1 , T 2 , and T 3 have been obtained for the code runs leading to the solid and dotted-dashed spectra of Fig. 1 , which correspond to D 1 = 0 (GR) and
respectively. In the top panel of Fig. (3) , the spatial scale is L ≃ 16h In the bottom panels, the spatial scale is varied to see the behavior of the T 3 function.
The spatial scales increase from left to right taking on the values
, and L ≃ 31400h −1 Mpc (right). As it follows from these panels, the oscillations of function T 3 decrease as the spatial scale increases, which means that the VT and GR values of T 3 converge as the spatial scale grows. We see that, for scales larger than ∼ 2800h −1 Mpc there are no significant differences between the VT and GR values of Table I . Only data relative to SNe Ia and CMB anisotropy observations have been taken into account. This choice seems to be appropriate, since the same data lead to very good fits in the standard GR model.
The CMB angular power spectra used by VT-COSMOMC were obtained from the WMAP7 data. The last version of COSMOMC uses data from PLANCK and WMAP9; nevertheless, this version was delivered very recently, after the numerical calculations presented in this paper -which are good enough-were finished. Further research based on PLANCK spectra will be developed in future (see Sec. 5).
Results obtained with VT-COSMOMC are presented in Figs. 4 and 5 and also in Table I .
Let us discuss the most significant aspects of these results. The best fit in VT corresponds to the parameters shown in the fourth row of Table I , where we see that D 1 is very close to 2 × 10 7 and the remaining parameters take on values very similar to those of the first row (best fit in standard GR cosmology); hence, in a representation as that of Fig. 1 , the angular power spectra of the VT and GR best fits would be indistinguishable. From the point of view of the best fits, both theories are equivalent, which is a good result for a theory as VT, which explains the existence of the cosmological constant. Nevertheless, let us now show that a more exhaustive statistical analysis strongly suggests that VT cosmological models may be preferable. Table I ). The external contour tell us that, inside the seven intervals (one for each parameter) defined by the lower and upper limits given in the two last rows of Table I , there are values of the seven parameters explaining the observational data at 2σ confidence. In particular, the D 1 value will be in the interval (−5.3 × 10 8 , 5.3 × 10 8 ).
According to Fig. 1 , for |D 1 | ≤ 3 × 10 8 , the VT and GR angular power spectra of the CMB are slightly different for ℓ ≤ 250, and these spectra are rather different for |D 1 | ≤ 5.3 × 10 8 .
All these considerations indicate that there are good fits for a wide interval of |D 1 | values.
This fact seems to be related to: (a) the cosmic variance, which is important for the range of ℓ values (ℓ < 250) affected by the condition D 1 = 0, and (b) the CMB spectrum, which remains unchanged for ℓ > 250 whatever the D 1 value maybe. We may also verify that, for the remaining six parameters, the VT intervals defined by the lower and upper 2σ limits given in the two last rows of Table I are wider than the corresponding intervals of the GR model (D 1 = 0), whose lower and upper 2σ limits are shown in the second and third rows of the same Table. All these considerations indicate that the seven parameters are coupled and, consequently, parameter D 1 plays an important role in VT statistical fits.
V. DISCUSSION AND CONCLUSIONS
It has been proved (see Sec. II) that, in EE and VT, the background energy density of the field A µ plays the role of dark energy with W = −1; nevertheless, in order to have a positive dark energy, the coupling constant γ must be positive (negative) in VT (EE).
In Eqs. (6) and (11), we see that the last terms of the right hand side have the same form but opposite signs. This fact has been justified with a detailed variational study. Since only these terms contribute to ρ From the resulting gauge invariant Lagrangian and the second Noether theorem, it follows that the conserved current is J µ + J A µ . In general, currents J µ and J A µ are not expected to be separately conserved, since we should not have two independent conserved currents associated to an unique group of local gauge transformations.
We have verified that, in a neutral universe where the background current J µ and its scalar perturbations vanish [4] , EE and VT lead to the same cosmological conclusions in the study of both the background universe and the scalar perturbations; nevertheless, as a result of the negative γ value involved in EE, which would lead to problems with quantification, our results are presented in the framework of VT. This theory is based on action (8), which has four terms. Deviations with respect to GR only can be produced by the second and third terms, which vanish for γ = ε = 0. In other words, for vanishing γ and ε, action 8 reduces to the GR one and, consequently, for small enough values of γ and ε, VT and GR would be indistinguishable.
According to Eq. (20), parameter γ must satisfy the relation γ(∇ · A) 2 B = ρ v . Furthermore, as it has been shown in previous sections (see also paper [4] ), there are no additional cosmological constraints to be satisfied by the constant quantities γ and (∇ · A) B . It is due to the fact that these quantities may be eliminated from the evolution equations of the scalar perturbations. Moreover, these equations do not involve the parameter ε either. This means that, in cosmology, quantities γ and ε only must satisfy the inequality 2ε − γ > 0.
The strength of gravitation is fixed by the first term of action 8 (proportional to R).
The second and third terms -related to gravitation in VT-should involve small coupling constants compatible with the weak character of the gravitational interaction; namely, these constant must be compatible with the fact that the strength of the gravitational field is very low as compared to the strengths of electroweak and strong interactions. Appropriate values of the free constants γ and ε -which have not been fixed by cosmological considerationsmay be chosen (with the constraint 2ε − γ > 0) to guaranty that the second and third terms of action 8 have nothing to do with strong and electroweak interactions, but with gravity.
A general formalism to evolve the VT scalar modes from the redshift z = 10 8 is developed.
The evolution equations and the initial conditions for all the scalar modes are written in momentum space (Bardeen formalism) by using the synchronous gauge. Moreover, the scalar mode associated to the VT field A µ is chosen in such a way that: (i) it evolves separately and, (ii) it is involved in the evolution equations for the scalar modes of GR cosmology (standard model). Our methodology is analogous to that used by Ma & Bertschinger [9] .
Equations and initial conditions are fully general.
Our calculations with VT-CMBFAST prove that some time derivatives of the metric modes η and h (which are involved in the evolution equations of the CMB photon distribution function) evolve in the same way -in both GR and VT-until redshifts ∼ 10; then, the evolution of these derivatives starts to be different in both theories and, at redshifts z ≤ 5, they take on fully different values in VT and GR, except for very large spatial scales (see Sec.
IV). Deviations between VT and GR are oscillatory. They explain the differences between the CMB angular power spectra of both theories for ℓ ≤ 250.
By using the code VT-COSMOMC, WMAP7 and SNe Ia data have been adjusted to VT predictions by using seven parameters. In the standard GR model, either WMAP7 or WMAP9 and other data (supernovae, matter power spectrum and so on) are well fitted with a minimal model involving six parameters (see [18, 19] ). We add the new parameter D 1 which is characteristic of VT to perform a fit based on seven parameters. In the best fit, the six common parameters of the GR and VT models are very similar, which means that VT works as well as GR; however, there are also good fits for D 1 values satisfying the condition |D 1 | < 3 × 10 8 and, moreover, at 95% confidence, the parameter D 1 satisfies the condition |D 1 | < 5.3 × 10 8 (see Sec. IV). The fact that we have found good fits for a wide range of D 1 values strongly suggests that VT models may explain cosmological observations better than GR. It is due to the existence of an additional degree of freedom (parameter D 1 ), which has a good behavior and helps us to get good fits.
A new version of COSMOMC has been recently delivered. It includes PLANCK CMB spectra. We are trying to modify this version for future applications to VT. New fits based on the modified code would use better observational data and, moreover, these fits could involve more parameters, lensing, and other effects; nevertheless, the study of these general fits is beyond the paper scope. Here, we essentially point out that VT deserves attention, since it is a theory which explains: the existence of a cosmological constant, and recent CMB and SNe
Ia observations (with a minimal model involving seven parameters). Moreover, parameter D 1 seems to be a help to fit predictions and observations in VT and, consequently, VT fits seem to be more promising than the GR ones. 
